Nrf2-dependent induction of human ABC transporter ABCG2 and heme oxygenase-1 in HepG2 cells by photoactivation of porphyrins: biochemical implications for cancer cell response to photodynamic therapy.
Photodynamic therapy is a recently developed anticancer treatment that utilizes the generation of singlet oxygen and other reactive oxygen species in cancer tissue. Nrf2, an NF-E2-related transcription factor, plays a pivotal role in transcriptional upregulation of many target genes, including those for metabolizing enzymes and transporters essential for cellular defense in response to oxidative stress. In the present study, we examined the potential involvement of Nrf2 in the induction of human ABC transporter ABCG2 and heme oxygenase-1 (HO-1). When HepG2 cells were incubated with non-toxic concentrations of delta-aminolevulinic acid, protoporphyrin IX, or pheophorbide a and then exposed to visible light for 90 min, the mRNA level of HO-1 began increasing markedly, reaching the maximal level in 4 h. Following the transient induction of HO-1, the mRNA level of ABCG2 gradually increased in a time-dependent manner, whereas the ABCB6 mRNA level was little affected. Nrf2-specific siRNA treatments suppressed the induction of both ABCG2 and HO-1 after the photoactivation of porphyrins, suggesting that Nrf2 is a common regulator for transcriptional activation of the ABCG2 and HO-1 genes. On the other hand, the mRNA level of HO-1 was remarkably enhanced by Zn(2+)-protoporphyrin IX or hemin even in the absence of light. This induction may be attributed to inactivation of Bach1, a repressor for the HO-1 gene, by those compounds. Since patients have demonstrated individual defferences in their response to photodynamic therapy, transcriptional activation of the ABCG2 and HO-1 genes in cancer cells may affect patients' responses to photodynamic therapy.